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On the basis of recent reports that the proportion of linoleic 
acid (C18:2Cis 9,12), a free fatty acid, is markedly decreased 
in acne comedones and that tetracycline is effective against 
acne comedones by acting directly as an antioxidant on infil-
trating neutrophils, we investigated the effect oflinoleic acid 
on several inflammatory parameters of neutrophils, includ-
ing neutrophil chemotaxis, phagocytosis, and generation of 
reactive oxygen species (ROS). 
Linoleic acid significantly decreased phagocytosis and the 
T he pathogenesis of acne is generally thought to consist of two stages: comedo formation and inflammation [1]. The most important events in acne inflammation are the disruption of the follicular epithelium fol-lowed by extrusion of intrafollicular material into the 
dermis, triggering a variety of inflammatoty processes. At this stage, 
Propionibacterium aenes [2,3] produces important inflammatory me-
diators and chemoattractants. Neutrophils attracted to this inflam-
matory site by P. awes - produced chemoattractants are thought to 
generate the most potent inflammatory mediators, reactive oxygen 
species (ROS), which have recently been found to induce subse-
quent tissue injury [4-11]. These neutrophil-generated ROS are 
also thought to induce chemical insult to the integrity of the follicu-
lar epithelium. 
The mechanism of action of chemotherapeutic agents and tetra-
cyclines in acne has been found to be the effective suppression of the 
production of these P. awes-associated inflammatory mediators and 
therefore of neutrophil chemotaxis [12-14]. Furthermore, we have 
recently reported [4,5] that tetracyclines effectively inhibit the gen-
eration ofROS by neutrophils, which supports the hypothesis that 
these agents are effective in acne treatment not only by reducing the 
numbers of P. awes, but also by inhibiting neutrophil-generated 
inflammatory mediators. 
The proportion of linoleic acid, a free fatty acid, has been shown 
to be markedly decreased in acne comedones [15,16] . In the present 
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generation of 02' HzOz, and OH . by neutrophils, whereas 
it did not significantly inhibit neutrophil chemotaxis or de-
crease the ROS levels generated in a cell-free, xanthine-
xanthine oxidase system. The present study seems to suggest 
that decreased levels of linoleic acid in acne comedones con-
tribute, in part, to the worsening of acne infla~mation by the 
failure of low levels of linoleic acid to suppress neutrophil 
phagocytosis and ROS generation. ] Invest DermatoI95:271-
274, 1990 
study, we investigated the effect of linoleic acid on the inflamma-
tory parameters of neutrophils, including neutrophil chemotaxis, 
phagocytosis, and ROS generation. 
MATERIALS AND METHODS 
Chemicals Linoleic acid (Nakarai Tesque Inc., Kyoto, Japan) 
was added to the following neutrophil function assay systems in 
concentrations of 0.05, 0.5, or 5,ug/ml. 
Neutrophil Preparation Neutrophils were isolated from hepa-
rinized venous blood from seven healthy volunteers by a modifica-
tion of a previously described method [6]. After centrifugation of 
the blood over a Ficoll-Hypaque gradient, the plasma-containing 
upper layer, mononuclear cell layer, and remaining cell pellet were 
each removed separately. The plasma was freed of platelets by cen-
trifugation. The cell pellet, containing neutrophils and erythro-
cytes, was washed with saline solution and resuspended in plasma 
containing dextran 170 [molecular weight (MW) 170,000] at a 
final concentration of 1 %. The neutrophils were recovered after 
sedimentation at unit gravity, and the few contaminating erythro-
cytes were lysed by treatment of the preparation with 0.876% 
NH4CI. By this procedure, the viability of the harvested neutro-
phils was always greater than 99% by the trypan blue exclusion test, 
and (14C] inulin uptake, which measures phagocytic activity, was 
greater than 900 dpm [17] . The neutrophils were then resuspended 
in media appropriate for their subsequent use: RPMI for the assay of 
agarose plate chemotactic activity; Krebs Ringer phosphate (KRP) 
buffer [18] for phagocytosis; KRP containing glucose (5 mM) for 
OH' generation; and KRP buffer containing glucose (5 mM) and 
gelatin (1 mg/ ml) for the assaying of 02' and HzOz generation. 
Viability and Phagocytic Function ofNeutrophils Neutro-
phil viability after incubation with the agents was determined by 
trypan-blue exclusion; phagocytic functions were measured by zy-
mosan-induced stimulation of (14C] inulin uptake [17] . When over 
2% of the neutrophils were stained by trypan-blue, or when neutro-
phils showed less than 600 dpm [14C] inulin uptake/ mg protein, 
their function was considered to have been impaired and the results 
were discarded. 
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Neutrophil Chemotaxis Assay Neutrophil chemotactic activi-
ties were measured using an agarose plate [19J. Agarose plates were 
prepared by mixing 2.5 ml of 2.4% agarose solution with 2.5 ml of 
2 X normal RPMI 1640 medium supplemented with 10% heat-in-
activated fetal calf serum. Three wells with a diameter of3mm were 
cut, on a straight axis, at 8-mm intervals. Ten microliters of neutro-
phil suspension with RPMI medium containing 1 X lOB cells/ml 
was added to the center well. To the outer well, 10 Jil of 10-7 M or 
10- 6 M fMLP was added as a chemoattractant. 'I.o the inner well, 10 
Jil of th e RPMI 1640 medium was added as a control. The plates 
were incubated at 3rC in a humidified atmosphere containing 5% 
CO2 in air for 2 h. The distance traveled by the ten fastest-moving 
neutrophils toward the outer wel l (true chemotaxis) and the inner 
well (random migration) was measured with a microprojector. 
Agarose plate neutrophil chemotaxis was also assessed using 10-7 M 
platelet-activating facwr (P AF) as a chemoattractant instead of 
fMLP. 
Neutrophil Phagocytosis Assay Emulsions of paraffin oil con-
taining oil red 0 were prepared as previously described [20], except 
that a lipopolysaccharide sol ution (endotoxin) was replaced with 
normal human serum. The emulsion was incubated with an equal 
vo lume of normal human serum at 37°C for 30 min for opsoniza-
tion. Neutrophils (2 X 107 cells/0.9 ml KRP) were added with 0.1 
ml of the opsonized emulsion, the mixture was incubated for 5 min 
at 37 °C, and then 9 ml ice-cold KRP was added w the solution to 
stop the reaction. The cells were washed 3 times with ice-cold KRP 
to remove the paraffin oil droplets that had not been ingested. Paraf-
fin oil containing oil red 0 was extracted from the cells by the 
method of Bligh and Dyer [21), using chloroform and methanol 
(v lv, 1:2) and the optical density of the chloroform layer was deter-
mined at a wavelength of 525 nm. 
The mean optical density of oil red 0 extracted from 2 X 107 
neutrophils incubated with opsonized paraffin oil droplets was 
0.0332 ± 0.0082 (average ± SD of five experiments), and micro-
scopic examination revealed that a majority of neutrophils were 
heavily loaded with oil droplets. On the other hand, when non-op-
sonized paraffin oi l droplets were incubated with neutrophils, the 
optical density was less than 0.005, and ~nder the microscope only a 
few neutrophils were loaded. These find1l1gs confirmed that most of 
the extracted oil red 0 represented droplets ingested by the neutro-
phils. 
Neutrophil ROS Generation Assay In studies of O 2 forma-
tion, 1 X 106 neutrophils were preincubated at 3rc for 10 min 
with 1 mg/ml opsonized zymosan (Sigma), then 0.1 rnM ferricy-
tochrome c (type III, Sigma) was added. The neutrophils were incu-
bated for another 30 min. Immediately after sedimentation of the 
neutrophils and opsonized zymosan by centrifugation, 0.1 ml of the 
supernatant was assayed for reduced cytochrome c by ~easuring 
absorbance at 550 nm [22,23] in 2 ml of 100 rnM potassIUm phos-
phate buffer (pH 7.8) containing 0.1 mM EDTA (pH 7.8). The 
results were converted to nmole of reduced cytochrome c, using L'!,. 
ESSO nm = 2.1 X 104/M/cm (24]. 
H 20 2 generation was measured by quaJ1tifying the decrease in 
fluorescence intensity of scopoletin (Sigma) due to its peroxidase-
mediated oxidation by H 20 Z [24] . After incubation of 2.5 X 106 
neutrophils for 10 min at room temperature in KRP containing 5 
mM glucose and 0.1 mg/ml gelatin in the presence of 1 mg/ml 
opsonized zymosan, 0.1 ml of 50 mM scopoletin in KRP, and 0.05 
ml of 1 mg/ml horseradish peroxidase (type II, Sigma) in phos-
phate-buffered saline (PBS) were added. The H2~2-plus­
peroxidase - induced rate of decrease in fluorescence mtenslty of the 
scopoletin within 30 min was quantified using a fluorescence spec-
trophotometer (Hitachi Co. Ltd., Tokyo, Japan). To calculate 
H 20 2 concentration, we assumed that 1 mole of H 20 2 oxidized 1 
mole of scopoletin [24]. 
OH' was quantitated by the amount of ethylene formed from 
CI'-keto-methiolbutyric acid (KMB) (Sigma) plus OH' generated 
by neutrophils [25]. Neutrophils (2 X 106) in 2 ml KRP containing 
glucose were preincubated with 1 mM KMB in a stoppered tube and 
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gently mixed in a 3r<:: shaker bath for 5 min. Opsonized zymos:ll\ 
was then added, and the cells were incubated for 10 min. Thereafter, 
aliquots of gas in the tube were sampled using a gas-tight syringe, 
and the ethylene content was determined by a gas chromatograp~ 
(Hitachi). The total amount of ethylene formed during 10, 20, an~ 
30 min served as the OH' value. 
ROS Generation Assay in the Xanthine-Xanthine Oxidasl.\ 
System All ROS were also measured in the xanthine-xanthin~ 
oxidase system. Instead of adding neutrophils and opsonized zymo.-
san, 0 .1 rnM hypoxanthine, 1.25 mM EDT A and 16.S 11M ferriC}" 
tochrome c were mixed in a total volume of 2 ml (125 mM pho , 
phate buffer). After the addition of the various concentrations Of 
linoleic acid, approximately 0.006 U /ml of dialyzed xanthine oxi, 
dase was added to generate ROS [26J. 
Triplicate assays were performed in each experiment; the resul~ 
are expressed as the mean ± SE of replicate assays. Statistical signifi, 
cance was ascertained by the Student t test. 
RESULTS 
Linoleic acid showed no significant effect on true or random neu, 
trophil chemotaxis (both p > O.OS) (Table I). 
N eutrophil phagocytosis was reduced in the presence of linolei 
acid in a dose-dependent manner (at 0.05 fig/ml the p value 
O.OS > p> 0.01, at 0.5 Jig/ml, the p value was 0.01 > P > 0.001, 
and at 5 Jig/ml the p value was 0.001 > p) (Fig 1). 
Generation of all these ROS by neutrophils was significanrl~, 
decreased in a dose-dependent fashion by linoleic acid (at 0.0 
fig/ ml, the p value for O 2 and H20 2 was 0.01 > p> 0.001, at 0. ' 
Jig/ml, the p value for OH . was O.OS > p > 0.01, and the p valu~ 
for O 2 and H 20 2 was 0.001 > p; and at 5 I1g/ml, the p value fo~ 
OH . was 0 .01 > P > 0.001 and the p value for O 2 and H 20 2 
0.001 > p) (Fig 2). However, the generation of ROS in the celk 
free, xanthine-xanthine oxidase was not significantly decreased ~ 
the presence oflinoleic acid (p > 0.05) (Table II). H 20 2 generatioll, 
in the xanthine-xanthine oxidase system could not be .correcrl), 
measured because the agents in the xanthine-xanthine OXidase S) , 
tem reacted with scopoJetin and peroxidase in the presence of lino.-
leic acid. 
Neutrophil chemotaxis induced by 10- 7 M PAF in the preseo 
of linoleic acid was similar to that with fMLP; neutrophil chem(}. 
taxis by 10- 7 M PAF was not affected by the addition oflinoleic aei 
(data not shown). 
DISCUSSION 
In these experiments, it was found that the free fatty acid, linol . 
acid, exhibits an inhibitory action on neutrophil functions. In so~ 
respects, this action was similar to that previously found in th~ 
tetracyclines [4,SJ . Both ROS generation and phagocytosis by neu-
trophils were effectively inhibited in the presence of linoleic acid. hi 
previous investigations of the action of tetracyclines [4,S], the elf, 
of these drugs on neutrophil phagocytosis was not examined. How, 
ever, we have recently found that tetracycline does not significanrl , 
decrease neutrophil phagocytosis (unpublished data). The effect ' 
linoleic acid on ROS generation could not be explained by a (;4, 
Table I. Effect of Linoleic Acid on Neutrophil ChemotaxiS" 
Linoleic 
Acid 
(,ug/ml) 
o 
0.05 
0.5 
5.0 
True Chemoraxis (fMLP) 
10-6 M 
27.7 ± 1.15 (mm) 
27.7 ± 0.58 
28.7 ± 2.08 
28.7 ± 1.53 
10- 7 M 
20.3 ± 1.15 (mm) 
21.3 ± 2.31 
20.0 ± 1.00 
19.3 ± 0.58 
Randoll! 
Chemo 
7.8 ± 0.4~ 
7.9 ± O . • 
• The experiment was perfo rmed as described in Materials a"d Methods. The dis 
traveled by the tcn fastcst-moving ncutrophils toward the ourer well was measured \, ' 
a microprojector, and expressed as mm. 
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Figure 1. Effect of linoleic acid on neutrophil phagocytosis . • p < 0.05 vs 
control, •• p < 0.01, ... P < 0.001. 
venging or quenching effect of this agent, because it had no effect 
on ROS levels generated in the xanthine-xanthine oxidase system. 
It thus appears that linoleic acid decreases ROS generation by acting 
on neutrophil metabolism. 
Initially, we predicted that the ROS scavenging activity would be 
stronger in neutrophils from patients with P. awes than in those 
from normal individuals. However, the results obtained from both 
patients and normals were comparable (data not shown). It thus 
appears that ROS generation by neutrophils is not abnormal in acne 
patients. 
In the pathogenesis of acne inflammation, P. aClles seems to play 
an important initiating role by producing low MW chemotactic 
factors [2J, resulting in the accumulation of neutrophils at the site of 
acne comedones. The attracted neutrophils, after phagocytosis, re-
lease inflammatory factors such as lysosomal enzymes, complement 
components, and ROS [4,5,27,28J, all of which subsequently in-
duce tissue damage. Because acne inflammation first occurs as a 
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Figure 2. Effect of linoleic acid on ROS generation by neutrophils. Closed 
cire/e, 0 , ; opell circle, H 20 2; cross symbol, OH . levels. PMN, polymorphonu-
clear leukocytes .• p < 0.05 vs control, •• p < 0.01, ••• P < 0.001. 
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Table II. Effect of Linoleic Acid on ROS Levels Generated by 
the Xanthine-Xanthine Oxidase System" 
ROS 
Linoleic Acid 0 :;- H 20 2 OH· 
(ug/ ml) (mnol/ min) (pmol/ min) (pmol/min) 
0 1.166 ± 0.0050 n.d. b 102.9 ± 3.55 
0.05 1.227 ± 0.0165 n.d. 118.1 ± 3.86 
0.5 1.122 ± 0.0172 n.d. 114.8 ± 4.97 
5.0 1.102 ± 0.0186 n.d. 114.0 ± 4.51 
• H,O, levels could not be correctl y determined in this assay system because the 
agents in the xanthine-xanthine oxidase system reacted with scopoletin and peroxidase 
in the presence of linoleic acid. 
• n.d. , not done. 
disruption of the int~grity of the. fo!licular epithelium leading to 
extrusion of 111trafolhcular matenal 111to the denniS, subsequently 
resulting in a variety of inflammatory.processes, these inflammatory 
mediators are thought to Il1crease the Il1flammatory state of acne and 
to aggravate the initial acne lesi01:. . . . 
In this study, it was found that l1110lelc aCid suppresses neutrophil 
phagocytosis and ROS generation. Thus, the decrease in proportion 
of linoleic acid in acne comedones [15] may have the effect of 
indirectly enhancing these .neutrophil functions in such les~ons. In 
normal hair follicles, linoleic aCid may serve to protect the Sk111 from 
the insult of acne inflammation by inhibiting neutrophil phagocy-
tosis and ROS generation. 
The quantity of skin surface lipids on the human forehead has 
been estimated to be 155-310 jJ.g/cm2 [29J. Because fatty acids 
occupy 16.4% of these lipids [30], it can be estinlated that fatty acid 
contact in situ ranges from 25.42 - ~0.84 jJ.g/ cm2 . The c~n~entra­
tion of 0.5 jJ.g/ml linoleic acid , which w~s sl.lOwn to 111111blt both 
neutrophil phagocytosis and ROS genera.tlOn 111 Vitro 111 the present 
study, thus appears to be in the phySlOlo~lc range and may the.refore 
actually inhibit neutrophil phagocyto~ls and ROS ~enera~lOn I.n 
normal human hair follicles. A decrease 111 the proportion oflll1olelc 
acid which has been documented in acne comedones [16J, would 
pro~ide more favorable condit!on~ fo~ an increase in neutr?phil-
mediated inflammation and OXidative lllJUry 111 Situ. In addition to 
acne inflammation, the important role of fatty acid metabolism in a 
variety of inflammatory dermat?ses. has rec~ntly been noted; the 
deficiency in unsaturated fatty aCids IS found 111 the atopic. clllld~en, 
and the feeding with added-fat supplements produced chmcal Im-
rovement [31] . Unsaturated ~atty acids were also found to inhibit 
feukotrien B4 . generation, willch sug~ests the benefiCial eff~ct for 
suppressing cutaneous inflammatory disorders ~uch a~ psonaSlS [32J. 
Further, linoleic acid is important for preservmg--epldermalmteg-
rity [33J, and its deficiency in human or animal skins induces mor-
phologic changes charactenzed by severe scaly derma~oses, exten-
sive percutaneous water loss, and hyperprohferatlOl1 of the 
epidermis [34]. 
Although P. awes has been found to be closely relat~d .to t.he 
worsening of acne inflammatIOn by attractmg neutrophlls m Situ 
through release oflow MW chemot.actic factors [2]. P . awes genera-
tion of free fatty acids, though preVIOusly documented [35,36], has 
been considered to playa lesser role in the pathogenesis of acne 
inflammation [37J . However, our study suggests that a decreased 
proportion of lin?leic acid in acn~ comedones, which. effectively 
inhibits neutropllli functIOn, contnbutes to the worsemng of acne 
inflammation. . 
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